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TECHNIQUES FOR INCREMENTAL
COMPUTER-BASED NATURAL LANGUAGE
UNDERSTANDING

BACKGROUND

Field of the Various Embodiments

[0001] The various embodiments relate generally to com-
puter-based language processing technology and, more spe-
cifically, to techniques for incremental computer-based natu-
ral language understanding.

Description of the Related Art

[0002] Computer-based natural language understanding
(NLU) has become a widely popular approach for facilitat-
ing human-machine interfaces (HMI) between human users
and computer systems. Computer-based NLU is typically
included as part of a dialogue system. Such dialogue systems
are often deployed in automated chat-based applications,
referred to herein as “chatbots,” personal digital assistants,
and artificial intelligence (Al) avatars. Typically, a com-
puter-based dialogue system receives audio input from a
user via an audio input device, such as a microphone.
Notably, the dialogue system waits until an entire spoken
utterance from the user has been processed by an automatic
speech recognition (ASR) module and received before tak-
ing any responsive actions. Such an ASR module can
employ various techniques for determining that an entire
utterance has been received from a user. For example, the
ASR module could wait for a detectable pause in the audio
input of a certain duration before concluding that the entirety
of a user utterance has been received. The ASR module
system then converts the audio input representing the user
utterance into text. Then, the dialogue system analyzes the
text, and generates an appropriate response. The response is
usually in the form of text output, an audio output, and/or a
visual output.

[0003] One drawback of conventional dialogue systems is
that, because a dialogue system does not begin processing
until after an entire user utterance has been received, the
dialogue system does not generate any responses while a
person is speaking, which can feel quite unnatural to the
user. For example, during a typical verbal interaction
between two people, each person interjects verbal and
non-verbal communications into the interaction. In that
regard, while the person is speaking, the second person
could interject phrases, such as “uh huh,” “I understand,”
“I’'m so sorry,” and “I’m very happy for you,” in response to
what the first person is saying. Similarly, the second person
also could interject non-verbal expressions, such as winces,
smiles, frowns, grimaces, or other facial expressions, in
response to what the first person is saying. As noted above,
conventional automated dialogue systems do not interject
verbal or non-verbal communications into interactions with
users, while the users are speaking. Accordingly, interac-
tions with dialogue systems can feel “robotic” and “stiff” to
users, which decreases the quality of the overall user expe-
rience.

[0004] As the foregoing illustrates, what is needed in the
art are more effective techniques for implementing human-
machine interfaces using natural language understanding.
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SUMMARY

[0005] Various embodiments disclosed herein provide a
method for performing incremental natural language under-
standing. The method includes acquiring a first audio speech
segment associated with a user utterance. The method fur-
ther includes converting the first audio speech segment into
a first text segment. The method further includes determin-
ing a first intent based on a text string associated with the
first text segment, wherein the text string represents a
portion of the user utterance. The method further includes
generating a first response based on the first intent prior to
when the user utterance completes. The method further
includes preparing for a first response or other action based
on the first intent prior to when the user utterance completes.
[0006] Other embodiments include, without limitation,
one or more non-transitory computer-readable media storing
instructions for performing one or more aspects of the
disclosed techniques, as well as a system for performing one
or more aspects of the disclosed techniques.

[0007] At least one technical advantage of the disclosed
techniques relative to the prior art is that the disclosed
techniques enable a dialogue system to verbally and/or
visually respond to audio received from a user as the user is
speaking, without having to wait for the user to finish
speaking. Thus, the disclosed techniques allow the dialogue
system to interact with the user in a more natural, “human-
like” manner, thereby enhancing the overall user experience.
These technical advantages represent one or more techno-
logical advancements over prior art approaches.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited
features of the various embodiments can be understood in
detail, a more particular description of the inventive con-
cepts, briefly summarized above, may be had by reference to
various embodiments, some of which are illustrated in the
appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of
the inventive concepts and are therefore not to be considered
limiting of scope in any way, and that there are other equally
effective embodiments.

[0009] FIG. 1A illustrates a system configured to imple-
ment one or more aspects of the various embodiments;

[0010] FIG. 1B illustrates a more detailed view of one of
the edge devices of FIG. 1A, according to various embodi-
ments;

[0011] FIG. 1C illustrates a more detailed view of the
dialogue system of FIG. 1A, according to various embodi-
ments;

[0012] FIG. 2 illustrates how segments of audio speech are
processed by the dialogue system of FIG. 1C, according to
various embodiments;

[0013] FIG. 3 is a more detailed illustration of the natural
language understanding (NLU) application of FIG. 2,
according to various embodiments;

[0014] FIG. 4 illustrates a multi-modal version of the
artificial intelligence (Al) response application of FIG. 1C,
according to various embodiments; and

[0015] FIGS. 5A-5B set forth a flow diagram of method
steps for performing incremental computer-based natural
language understanding, according to various embodiments.
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DETAILED DESCRIPTION

[0016] In the following description, numerous specific
details are set forth to provide a more thorough understand-
ing of the various embodiments. However, it will be appar-
ent to one of skill in the art that the various embodiments
may be practiced without one or more of these specific
details.

[0017] As further described herein, a dialogue system
performs incremental automatic speech recognition and
incremental natural language understanding on short seg-
ments of audio speech input in real-time. In contrast to
conventional approaches, the dialogue system does not wait
to receive a complete user utterance before starting to
analyze and respond to audio speech input. Instead, the
dialogue system generates textual, verbal, and/or visual
responses as audio speech input is received. User utterances
are divided into smaller portions, such as characters, words,
phonological phrases, or any technically feasible portions
thereof. As used herein, a phonological phrase is a portion of
a user utterance. A phonological phrase is typically not a full
sentence. Instead, a phonological phrase is typically a phrase
within a sentence. In general, audio markers are used to
determine the beginning and ending of phonological
phrases. These audio markers include, without limitation,
intonation cues, verbal pauses, and other base cues.

[0018] The smaller portions are converted into text seg-
ments, and the text segments are analyzed to generate the
predicted intent of the speaker. The dialogue system per-
forms additional processing to further refine the predicted
intent, such as by analyzing the audio speech input for user
intonation cues. The dialogue system further analyzes vari-
ous other verbal and non-verbal inputs to refine the predicted
intent, such as cultural factors, inflections, predicted mood
or emotion. The dialogue system further analyzes informa-
tion from video feeds of the speaker as the speaker is talking
and as the speaker is reacting to responses generated by the
dialogue system. The dialogue system generates incremen-
tally predicted intents before the full user utterance is
received. The dialogue system compares a confidence score
for a predicted intent against a threshold value. If the
confidence score for the predicted intent is greater than the
threshold value, then the dialogue system generates an
appropriate context-specific response, based on the pre-
dicted intent. In addition to generating predicted intents, the
dialogue system analyzes and predicts other aspects of the
utterance received from the user. More particularly, the
dialogue system analyzes and predicts sentiment, stance,
emotion, topic, and various other elements of meaning
associated with the utterance.

[0019] A natural language generation (NLG) system asso-
ciated with or included in the dialogue system generates
responses, and/or prepares for responses and other actions,
for controlling an interactive character, such as a chatbot, a
personal digital assistant, or an Al avatar. For example, if the
user reacts in a certain way as the interactive character is
speaking, then the dialogue system modifies the response of
the interactive character in real-time before the speaker has
finished talking. The dialogue system allows for program-
ming additional personality traits that influence the
responses of the interactive character, such as excitability,
curiosity, and propensity to interrupt the speaker. The NLG
system associated with the dialogue system continues to
generate responses and/or prepare for responses and other
actions based on the first intent prior to when the user
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utterance completes, such as interrupting and nodding head
in agreement, to animate the interactive character based on
the predicted intent of the speaker. An overview of the
dialogue system is now described in further detail.

System Overview

[0020] FIG. 1A illustrates a system 190 configured to
implement one or more aspects of the present invention. As
shown, the system 190 includes, without limitation, edge
devices 120 and a dialogue system 100 in communication
with each other via a computer network 130.

[0021] Computer network 130 may be any suitable envi-
ronment to enable communications among remote or local
computer systems and computing devices, including, with-
out limitation, point-to-point communications channels,
Bluetooth, WiFi, cable-based networks, fiber optic net-
works, 4G and 5G cellular networks, infrared communica-
tions, wireless and wired LANs (Local Area Networks), and
one or more internet-based WANs (Wide Area Networks).
[0022] Each edge device 120 includes, without limitation,
a computing device that may be a personal computer,
personal digital assistant, mobile phone, mobile device,
smart speaker, vehicle, gaming device, interactive experi-
ence environment, interactive attraction, or any other device
or environment suitable for implementing one or more
aspects of the present invention. Illustratively, the edge
device 120 communicates over network 130 via communi-
cations link 152.

[0023] In operation, the edge device 120 receives audio,
visual and other information associated with utterances
spoken by a user. The edge device 120 receives audio
information via an audio input device, such as a microphone.
Further, the edge device 120 receives visual information via
a video input device, such as a camera. The edge device 120
may receive the audio, visual and other information in
analog or digital form. If the edge device 120 receives the
audio, visual and other information in analog form, the edge
device may perform analog-to-digital conversion to convert
the information into digital form. The edge device 120
transmits the audio, visual and other information, in analog
and/or digital form, to the dialogue system 100. In response,
the dialogue system 100 transmits one or more responses to
the edge device 120. The responses may include text, audio,
and/or visual information. Further, the responses may be in
analog or digital form. The edge device 120 presents the
response on one or more output devices. The edge device
120 presents audio information via an audio output device,
such as one or more speakers. Further, the edge device 120
presents text and/or visual information via a video output
device, such as a display device.

[0024] The dialogue system 100, includes, without limi-
tation, a computing device that may be a standalone server,
a cluster or “farm” of servers, one or more network appli-
ances, or any other device suitable for implementing one or
more aspects of the present invention. The dialogue system
100 includes any one or more of local servers, remote
servers, or cloud-based servers, in any technically feasible
combination. Illustratively, the dialogue system 100 com-
municates over computer network 130 via communications
link 150.

[0025] In operation, the dialogue system 100 acquires
input information of short duration, such as audio speech
segments, visual information, and other information, from
one or more edge devices 120. The dialogue system 100
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converts each audio speech segment into a text segment via
an automatic speech recognition process. The resulting text
segment includes one or more letters that represent a portion
of one or more words. Additionally or alternatively, the
resulting text segment includes one or more words that
represent a portion of a user utterance. The dialogue system
100 concatenates the text segment with other previously
acquired text segments belonging to the same user utterance,
thereby generating a concatenated text string. The dialogue
system 100 then identifies one or more predicted intent
results based on the concatenated text string. If the dialogue
system 100 determines that the confidence scores for the
predicted intent results are less than corresponding threshold
values, then the dialogue system 100 generates one or more
backchannel responses that are not context-specific. If, on
the other hand, the dialogue system 100 determines that one
or more confidence scores for the predicted intent results are
greater than corresponding threshold values, then the dia-
logue system 100 generates one or more context-specific Al
responses.

[0026] As the dialogue system 100 acquires and processes
additional audio speech segments of short duration, the
dialogue system 100 generates a more complete context of
the user utterance being spoken and, correspondingly, an
increasingly refined model of the predicted intent of the
speaker. In response, the dialogue system 100 continues to
generate backchannel responses and Al responses that cor-
respond to this increasingly complete and refined model of
the predicted intent of the speaker. In addition, the dialogue
system 100 modifies the backchannel responses and Al
responses with personality markers that define various per-
sonality traits of the chatbot, personal digital assistant, Al
avatar or other responder associated with the dialogue
system 100. The dialogue system 100 further modifies the
backchannel responses and Al responses based on intonation
cues detected from the audio speech input, such as whether
the speaker’s voice is rising or trailing. The dialogue system
100 further modifies the backchannel responses and Al
responses based on analysis of one or more video feeds of
the speaker who is generating the user utterance.

[0027] FIG. 1B illustrates a more detailed view of one of
the edge devices 120 of FIG. 1A, according to various
embodiments. As shown, the dialogue system 100 includes,
without limitation, a processor 102A, storage 104A, an
input/output (I/O) devices interface 106A, a network inter-
face 108A, an interconnect 110A, and a system memory
112A.

[0028] The processor 102A retrieves and executes pro-
gramming instructions stored in the system memory 112A.
Similarly, the processor 102A stores and retrieves applica-
tion data residing in the system memory 112A. The inter-
connect 110A facilitates transmission, such as of program-
ming instructions and application data, between the
processor 102A, input/output (I/O) devices interface 106A,
storage 104 A, network interface 108 A, and system memory
112A. The /O devices interface 106A is configured to
receive input data from user I/O devices 122A. Examples of
user [/O devices 122A may include one of more buttons, a
keyboard, and a mouse or other pointing device. The I/O
devices interface 106 A may also include an audio output
unit configured to generate an electrical audio output signal,
and user /O devices 122A may further include a speaker
configured to generate an acoustic output in response to the
electrical audio output signal. Another example of a user [/O
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device 122 A is a display device that generally represents any
technically feasible means for generating an image for
display. For example, the display device could be a liquid
crystal display (LCD) display, CRT display, or DLP display.
The display device may be a TV that includes a broadcast or
cable tuner for receiving digital or analog television signals.

[0029] Processor 102A is included to be representative of
a single central processing unit (CPU), multiple CPUs, a
single CPU having multiple processing cores, one or more
graphics processing units (GPUs) each having multiple
processing cores, and the like. And the system memory
112A is generally included to be representative of a random
access memory. The storage 104A may be a disk drive
storage device. Although shown as a single unit, the storage
104A may be a combination of fixed and/or removable
storage devices, such as fixed disc drives, floppy disc drives,
tape drives, removable memory cards, or optical storage,
network attached storage (NAS), or a storage area-network
(SAN). Processor 102A communicates to other computing
devices and systems via network interface 108A, where
network interface 108 A is configured to transmit and receive
data via a communications network, such as communica-
tions network 130.

[0030] The system memory 112A includes, without limi-
tation, an edge device application 132A and a data store
140A. The edge device application 132A, when executed by
the processor 102A, performs one or more operations asso-
ciated with the edge device 120, as further described herein.
Data store 140A provides memory storage for various items
associated with the edge device 120, as further described
herein. The edge device application 132A stores data in and
retrieve data from data store 140A, as further described
herein.

[0031] In operation, the edge device application 132A
receives audio, visual and other information associated
utterances spoken by a user. The edge device application
132A receives audio information via an audio input device,
such as a microphone. Further, the edge device application
132A receives visual information via a video input device,
such as a camera. The edge device application 132A may
receive the audio, visual and other information in analog or
digital form. If the edge device application 132A receives
the audio, visual and other information in analog form, the
edge device may perform analog-to-digital conversion to
convert the information into digital form. The edge device
application 132A transmits the audio, visual and other
information, in analog and/or digital form, to the dialogue
system 100. In response, the dialogue system 100 transmits
one or more responses to the edge device application 132A.
The responses may include text, audio, and/or visual infor-
mation. Further, the responses may be in analog or digital
form. The edge device application 132A presents the
responses on one or more output devices. The edge device
application 132A presents audio information via an audio
output device, such as one or more speakers. Further, the
edge device application 132A presents text and/or visual
information via a video output device, such as a display
device.

[0032] FIG. 1C illustrates a more detailed view of the
dialogue system 100 of FIG. 1A, according to various
embodiments. As shown, the dialogue system 100 includes,
without limitation, a processor 102B, storage 104B, an
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input/output (I/O) devices interface 106B, a network inter-
face 108B, an interconnect 110B, and a system memory
112B.

[0033] The processor 102B retrieves and executes pro-
gramming instructions stored in the system memory 112B.
Similarly, the processor 102B stores and retrieves applica-
tion data residing in the system memory 112B. The inter-
connect 110B facilitates transmission, such as of program-
ming instructions and application data, between the
processor 102B, input/output (I/O) devices interface 106B,
storage 104B, network interface 108B, and system memory
112B. The /O devices interface 106B is configured to
receive input data from user /O devices 122B. Examples of
user I/O devices 122B may include one of more buttons, a
keyboard, and a mouse or other pointing device. The I/O
devices interface 106B may also include an audio output
unit configured to generate an electrical audio output signal,
and user /O devices 122B may further include a speaker
configured to generate an acoustic output in response to the
electrical audio output signal. Another example of a user [/O
device 122B is a display device that generally represents any
technically feasible means for generating an image for
display. For example, the display device could be a liquid
crystal display (LCD) display, CRT display, or DLP display.
The display device may be a TV that includes a broadcast or
cable tuner for receiving digital or analog television signals.
[0034] Processor 102B is included to be representative of
a single central processing unit (CPU), multiple CPUs, a
single CPU having multiple processing cores, one or more
graphics processing units (GPUs) each having multiple
processing cores, and the like. And the system memory 112B
is generally included to be representative of a random access
memory. The storage 104B may be a disk drive storage
device. Although shown as a single unit, the storage 104B
may be a combination of fixed and/or removable storage
devices, such as fixed disc drives, floppy disc drives, tape
drives, removable memory cards, or optical storage, network
attached storage (NAS), or a storage area-network (SAN).
Processor 102B communicates to other computing devices
and systems via network interface 108B, where network
interface 108B is configured to transmit and receive data via
a communications network, such as communications net-
work 130.

[0035] The system memory 112B includes, without limi-
tation, an automatic speech recognition (ASR) application
132B, a natural language understanding (NLU) application
134B, an artificial intelligence (AI) response application
1368, and a data store 140B. The ASR application 132B,
NLU application 134B, and Al response application 136B,
when executed by the processor 102B, performs one or more
operations associated with the dialogue system 100, as
further described herein. Data store 140B provides memory
storage for various items associated with the dialogue sys-
tem 100, as further described herein. The ASR application
132B, NLU application 134B, and Al response application
136BB store data in and retrieve data from data store 140B,
as further described herein.

[0036] In operation, the ASR application 132B automati-
cally performs recognition of speech by receiving audio
input and converting the audio input into words in the form
of text. The ASR application 132B receives audio speech
segments, where each audio speech segment represents a
certain duration of time. After receiving an audio speech
segment, the ASR application 132B begins to generate a text
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segment that includes the characters and/or words repre-
sented by the audio speech segment. The ASR application
132B continues to receive additional audio speech segments
and generates corresponding text segments. Further, the
ASR application 132B applies a language model to the text
segments in order to disambiguate text segments that include
homonyms, context-dependent words, and the like. Conse-
quently, the ASR application 132B employs the language
model to generate accurate text segments. The ASR appli-
cation 132B transmits each generated text segment to the
NLU application 134B.

[0037] In operation, the NLU application 134B extracts
understanding and meaning from spoken language. More
specifically, the NLU application 134B performs intent
recognition and sentiment detection on language that a
person has spoken. The NLU application 134B does not
directly operate on an incoming audio stream. Instead, the
ASR application 132B converts the incoming audio stream
to words and other text. Then, the NLU application 134B
converts that text to a representation of meaning in the form
of predicted intents and sentiments. For example, the NLU
application 134B could receive the text string “I hate broc-
coli” from the ASR application 132B. In response, the NLU
application 134B could convert the text string into a repre-
sentation of a predicted intent and sentiment in the form of
“<pegative sentiment>[broccoli],” where “<negative
sentiment>indicates a sentiment of dislike and [broccoli]
specifies the subject of the dislike sentiment.

[0038] In particular, the NLU application 134B receives
each text segment generated by the ASR application 132B.
When the NLU application 134B receives a text segment,
the NLU application 134B concatenates the text segment
with other previously acquired text segments to form a
concatenated text string. The NLU application 134B applies
text prediction to the concatenated text string to predict the
next words received from the ASR application 132B. In
addition, the NLU application 134B performs intent match-
ing to generate a predicted intent based on the concatenated
text string.

[0039] As the NLU application 134B receives and pro-
cesses text segments corresponding to a particular, the NLU
application 134B continually determines position in the text
string corresponding to the end of an utterance. In so doing,
the NLU application 134B does not depend on a period of
silence or a pause in the audio input. Instead, the NLU
application 134B predicts the end of the current utterance
within the text string. Based on the predicted end of the
current utterance, the NLU application 134B predicts that
the text following the predicted end of utterance corresponds
to the beginning of the subsequent utterance. If the confi-
dence score of the predicted end of utterance is greater than
a threshold level, then the NLU application 134B cuts the
text string at the point of the predicted end of utterance. The
text following the predicted end of utterance is not appended
to the prior text string. Instead, the text following the
predicted end of utterance begins a new text string for the
subsequent utterance.

[0040] In some embodiments, after predicting the end of
an utterance, the NLU application 134B continually deter-
mines whether the prediction of the end of the utterance was
correct. For example, if, after the predicted end of the
utterance, the user continues to speak, the NLU application
134B could determine that the previously predicted end of
utterance was incorrect. The NLU application 134B would
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then perform one or more actions to correct the error. For
example, the NLU application 134B could cause the Al
response application 136B to stop an Al response in prog-
ress, such as a verbal reply. The NLU application 134B
could then continue to wait and listen for the user to
complete the utterance.

[0041] In operation, the Al response application 136B
performs natural language generation (NLG) which gener-
ates or writes a sentence and/or other response for an Al
system to “say.” Typically, the main focus of NLG is to
generate a text response that is transmitted to a text-to-
speech (TTS) application (not shown) to perform speech
synthesis by translating the text response into an auditory
signal. The NLG also generates non-speech responses such
as a change in facial expression or body position that is
consistent with the predicted intent and sentiment received
from the NLU application 134B.

[0042] In particular, the Al response application 136B
generates one or more responses that correspond to the
received predicted intent and sentiment. As time progresses,
the Al response application 136B receives additional pre-
dicted intents from the NLU application 134B. The Al
response application 136B determines which predicted
intents correspond to the same user utterance or phonologi-
cal phrase. The Al response application 1368 continues to
update the response and generate new responses each time
a new predicted intent is received from the NLU application
134B. The Al response is based on the new predicted intent
as well as previously received predicted intents that corre-
spond to the same user utterance or phonological phrase.
[0043] In some embodiments, the Al response application
136B may initiate the Al response or begin preparing to
respond based on partial inputs from the ASR application
132B and the NLU application 134B, even before the
utterance is complete. Further, the Al response application
136B may acquire additional information that may be
needed to generate the Al response before the utterance is
complete. As a result, the dialogue system 100 may further
increase the speed and efficiency of generating Al responses.
As a result, the ability of the dialogue system 100 to interact
with the user in a more natural, human-like manner may be
further improved.

[0044] In some embodiments, one or more of the ASR
application 132B, the NLU application 134B, and the Al
response application 136B may be implemented with a
neural network approach, including, without limitation, a
recurrent neural network (RNN) or a convolutional neural
network (CNN). For example, a neural network could imple-
ment the language model of the ASR application 132B in
order to disambiguate text segments that include homonyms,
context-dependent words, and the like. Concurrently, the
neural network could implement the text prediction of the
NLU application 134B to predict the next potential text
words that are received from the ASR application 132B.
Concurrently, the neural network could determine the pre-
dicted intent based on text received from the ASR applica-
tion 132B. As a result, the neural network simultaneously
performs language model-based text disambiguation, text
prediction to predict the next potential text input, and intent
prediction based on the previously received text input. As
further described herein, the ASR application 132B and the
NLU application 134B are interlinked and may be included
in a single application that performs the functions of both the
ASR application 132B and the NLU application 134B.
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[0045] Techniques for performing incremental natural lan-
guage understanding functions are now described in greater
detail below in conjunction with FIGS. 2-5B.

[0046] Incremental Computer-Based Natural Language
Understanding
[0047] FIG. 2 illustrates how segments of audio speech are

processed by the dialogue system 100 of FIG. 1C, according
to various embodiments. As shown, the illustration includes,
without limitation, speech input 210, an ASR application
132B, an NLU application 134B, and an Al response appli-
cation 136B.

[0048] The speech input 210 is divided into speech seg-
ments 212(1), 212(2) . . . 212(N), also referred to herein as
audio speech segments. The speech segments 212 are
acquired sequentially via an audio input device, such as a
microphone. Each speech segment 212 is of a particular
duration of time. In one example, each speech segment 212
represents 200 ms. The time of 200 ms is approximately the
time delay between when a human listener begins to hear
someone speak and when the listener begins to understand
and respond to what the speaker is saying.

[0049] Adjacent audio speech segments may be overlap-
ping or non-overlapping. In one example, audio speech
segments of duration 200 ms could overlap by 50 ms. In this
example, the first audio speech segment would represent a
time of 0-200 ms. The second audio speech segment would
represent a time of 150-350 ms. The third audio speech
segment would represent a time of 300-500 ms, and so on.
In another example, audio speech segments of duration 200
ms could be non-overlapping. In this example, the first audio
speech segment would represent a time of 0-200 ms. The
second audio speech segment would represent a time of
200-400 ms. The third audio speech segment would repre-
sent a time of 400-600 ms, and so on.

[0050] In operation, the ASR application 132B receives
each speech segment 212 in order, first receiving speech
segment 212(1), then receiving speech segment 212(2), and
so on. After receiving a speech segment 212, the ASR
application 132B begins to generate a text segment that
includes the characters and/or words represented by the
speech segment 212. As shown, the ASR application 132B
generates the text segment 220, consisting of the text seg-
ment 220 “What is,” based on the audio in the received
speech segment 212. The ASR application 132B continues
to receive additional speech segments 212 and generates
corresponding text segments. The ASR application 132B
transmits each generated text segment to the NLU applica-
tion 134B.

[0051] In operation, the NLU application 134B receives
each text segment generated by the ASR application 132B.
When the NLU application 134B receives the text segment
220 “What is,” the NLU application 134B determines that
the text segment 220 is part of an interrogative user utter-
ance. Therefore, the NLU application 134B generates a
predicted intent 222 indicating an interrogative user utter-
ance. The NLU application 134B generates any technically
feasible types of predicted intent for a user utterance, a
phonological phrase, or a word. For example, the NLU
application 134B could identify interrogative versus
declarative user utterances. The NLU application 134B
could further identify particular emotions reflected in a user
utterance or phonological phrase. The NLU application
134B could further identify particular emotions that are
elicited by a user utterance or phonological phrase, such as
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an intent to elicit sympathy or empathy. The NLU applica-
tion 134B could further identify particular topics reflected in
a user utterance or phonological phrase, such as color, type
of animal, or person’s name. The NLU application 134B
could further identify words as nouns, verbs, adjectives,
adverbs, and so on. The NL.U application 134B transmits the
sequence of predicted intents to the Al response application
136B.

[0052] In operation, the Al response application 136B
generates one or more responses that correspond to the
received predicted intent. As time progresses, the Al
response application 136B receives additional predicted
intents from the NLU application 134B. The Al response
application 136B determines which predicted intents corre-
spond to the same user utterance or phonological phrase.
The Al response application 136B continues to update the
response and generate new responses each time a new
predicted intent is received from the NLU application 134B.
The Al response is based on the new predicted intent as well
as previously received predicted intents that correspond to
the same user utterance or phonological phrase.

[0053] For example, the Al response application 136B
could initially generate a default response, referred to herein
as a “backchannel response,” when the Al response appli-
cation 136B does not have sufficient context to determine the
predicted intent. Additionally or alternatively, the Al
response application 136B could initiate a default response
or could prepare to generate a default response or other
default action. Such a default response or default action is
referred to herein as a “backchannel response.” Such a
backchannel response is not context-specific to a particular
intent. The Al response application 1368 could then receive
a predicted intent 222 identifying an interrogative. The Al
response application 136B could generate a response that is
context-specific to a particular intent. Such a context-spe-
cific response is referred to herein as an “artificial intelli-
gence response” or “Al response.” The Al response reflects
an appropriate response for when a question is being asked.
As the Al response application 136B receives additional
predicted intents from the NLU application 134B, the Al
response application 136B continues to update the Al
response to be appropriate for the context represented by the
relevant set of predicted intents.

[0054] The backchannel responses and Al responses
include one or more textual responses, verbal responses, and
visual responses, in any technical feasible combination.
Textual responses are typically presented on a display device
within a text box window of a text-based chatbot applica-
tion. Additionally or alternatively, the backchannel
responses and Al responses include one or more verbal
responses, such as words, sighs, or other sounds presented.
Verbal responses are typically presented as an audio output
associated with an audio-based chatbot application or a
digital Al avatar. Additionally or alternatively, the backchan-
nel responses and Al responses include visual responses that
change facial and/or bodily expressions of a digital Al
avatar. In this regard, backchannel responses indicate that
the NLU system is listening, such as generating a textual
and/or audio output that says “uh-huh” and animating an Al
avatar to look intently at the speaker. Al responses to an
interrogatory include animating an Al avatar to furl the
eyebrows and turn an ear towards the speaker, indicating that
the NLU system is anticipating a question. As additional
predicted intents are received, additional Al responses are
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generated to reflect particular emotions and expressions
based on the context of the user utterance or phonological
phrase.

[0055] In some embodiments, the ASR application 132B
and the NLU application 134B may be combined into a
single application. In such embodiments, the NLU system
100 performs incremental ASR and incremental NLU con-
currently and interactively, as further described herein.

[0056] FIG. 3 is a more detailed illustration of the natural
language understanding (NLU) application 134B of FIG. 2,
according to various embodiments. As shown, the NLU
application 134B includes, without limitation, an NLU
application 134B and an Al response application 136B. The
NLU application 134B further includes text input 310, text
prediction 314, confidence score thresholds 316, and intent
matching 318. The illustration of FIG. 3 also includes the Al
response application 136B which further includes backchan-
nel response(s) 320 and Al response(s) 322.

[0057] The text input 310 is divided into text segments
312(1), 312(2) . . . 312(N). Each text segment corresponds
to one or more speech segments 212 of FIG. 2, or a portion
of one or more speech segments 212. Each text segment 312
includes text representing any technically feasible portion of
a user utterance, including, without limitation, one or more
characters, one or more words, or a phonological phrase.

[0058] In operation, text prediction 314 receives each text
segment 312 in order, first receiving text segment 312(1),
then receiving text segment 312(2), and so on. After receiv-
ing a text segment 312, text prediction 314 concatenates the
text segment 312 with other relevant text segments 312
included in the same user utterance or phonological phrase,
if any, and generates a concatenated text string. Text pre-
diction 314 identifies one or more predicted text strings
based on the concatenated text string. For example, text
prediction 314 could identify a text string that includes the
text string “What is” from text segment 312(1) as an
interrogative user utterance. Text prediction 314 could iden-
tify a text string that includes the text string “What is the
difference between” from text segments 312(1) and 312(2)
as an interrogative user utterance that refers to a comparison.
Text prediction 314 then predicts the text that is likely to be
received in following text segments 312 based on text
prediction entries, such as text prediction entries 314(1) and
314(2).

[0059] Given the text string “What is” from text segment
312(1), text prediction 314 applies text prediction entries
314(1) to identity potential phrases, such as “What is today’s
date?,” “What is the best way to . . . ,” “What is your
name?,” “What is the difference between . . . ,” and so on.
Text prediction 314 determines a confidence score for each
of'these potential phrases. The confidence score is a measure
of the likelihood that the next text segments will form the
corresponding potential phrase, based on the context of the
text string received thus far.

[0060] Given the text string “What is the difference
between” from text segments 312(1) and 312(2), text pre-
diction 314 applies text prediction entries 314(2) to identify
potential phrases, such as “What is the difference between
language and dialect?,” “What is the difference between
ravens and crows?,” and so on. Again, text prediction 314
determines a confidence score for each of these potential
phrases. The confidence score is a measure of the likelihood
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that the next text segments will form the corresponding
potential phrase, based on the context of the text string
received thus far.

[0061] Given the context based on the current text string
concatenated from one or more received text segments 312,
text prediction 314 selects a most likely text segment, such
as a potential phrase, based on the confidence scores for each
of the potential phrases. The confidence score of the most
likely potential phrase is compared to a confidence score
threshold selected from a set of confidence score thresholds
316. The confidence score thresholds 316 include a single
threshold value that text prediction 314 applies to any
potential phrase identified by text prediction 314. Addition-
ally or alternatively, the confidence score thresholds 316
include a different threshold value for each potential phrase
identified by text prediction 314. Text prediction 314 selects
the appropriate threshold value included in the confidence
score thresholds 316.

[0062] Text prediction 314 compares the confidence score
of the most likely potential phrase to the confidence score
threshold selected from a set of confidence score thresholds
316. The confidence score thresholds 316 transmits a signal
to Al response application 136B based on whether the
confidence score is greater than or less than a corresponding
confidence score threshold value. If the confidence score is
less than the corresponding confidence score threshold
value, then the confidence score thresholds 316 transmits a
signal to the backchannel response(s) 320 section of the Al
response application 136B. The backchannel response(s)
320 section of the Al response application 136B includes a
non-intent specific response library of responses that are
unrelated to a particular context or intent. The non-intent
specific response library of responses includes responses
that indicate that the NLU system 100 is still listening and
processing audio speech input from the user. These
responses do not correspond to the predicted intent deter-
mined by the NLU system 100. The Al response application
136B generates a response by selecting an appropriate
response from the non-intent specific response library. The
Al response application 136B causes the chatbot, personal
digital assistant, Al avatar, or other responder associated
with the NLU system 100 to produce the generated response.
[0063] If the confidence score is greater than the corre-
sponding confidence score threshold value, then the confi-
dence score thresholds 316 transmits a signal to the Al
response(s) 322 section of the Al response application 136B.
The AI response(s) 322 section of the Al response applica-
tion 136B includes an intent specific response library of
responses that are related to particular contexts or intents.
The intent specific response library of responses includes
responses that indicate that the NLU system 100 is respond-
ing to the predicted intent indicated by the content of the text
input 310. These responses correspond to the predicted
intent determined by the NLU system 100. The Al response
application 136B generates a response by selecting an
appropriate response from the intent specific response
library, based on the predicted intent. The Al response
application 136B causes the chatbot, personal digital assis-
tant, Al avatar, or other responder associated with the NLU
system 100 to produce the generated response.

[0064] In general, the confidence score for a short text
string is likely to be relatively low. As additional text
segments 312 are received and concatenated to the text
string, the text string increases in length. Correspondingly,
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the confidence score tends to increase as each text segment
312 is received and as the text string increases in length.
[0065] Intent matching 318 identifies a predicted intent
based on the potential phrase identified by text prediction
314. Intent matching 318 then pairs, or matches, the pre-
dicted intent with a response that is appropriate for the
predicted intent. Intent matching transmits the intent-re-
sponse pairs to the Al response(s) 322 section of the Al
response application 136B. Upon receiving a signal from the
confidence score thresholds 316 and a corresponding intent-
response pair from intent matching 318, the Al response
application 136B causes the chatbot, personal digital assis-
tant, Al avatar or other responder associated with the NLU
system 100 to generate the appropriate Al response specified
by the intent-response pair.

[0066] Certain predicted intents are not associated with
corresponding responses, such as certain factual statements.
If intent matching 318 identifies such an intent, then the Al
response application 136B does not generate any type of
response, regardless of the corresponding confidence score.
Additionally or alternatively, the Al response application
1368 generates one or more backchannel response(s) 320.
For example, depending on other programmed elements of
personality for the chatbot, personal digital assistant, Al
avatar or other responder, the Al response application 136B
could generate a verbal or nonverbal response that repre-
sents agreement or incredulity. A verbal or nonverbal
response that represents agreement would indicate that the
chatbot, personal digital assistant, Al avatar or other
responder already knew the fact associated with the utter-
ance. A verbal or nonverbal response that represents incre-
dulity would indicate that the chatbot, personal digital
assistant, Al avatar or other responder did not already know
the fact associated with the utterance.

[0067] If intent matching 318 subsequently identifies an
intent that does have a corresponding response, and the
confidence score is greater than the threshold value, then the
Al response application 136B generates the corresponding
response.

[0068] In some embodiments, intent matching 318 per-
forms intent prediction at multiple levels in a hierarchical
structure. In one example, intent matching 318 could per-
form intent prediction at a first level to identify a broad
intent, such a “restaurant.” Intent matching 318 could then
perform intent prediction at a second level to identify a
restaurant that serves a particular type of cuisine, such as
French, Italian, or American. Intent matching 318 could then
perform intent prediction at a third level to identify particu-
lar dishes for each particular type of cuisine, and so on.
[0069] FIG. 4 illustrates a multi-modal version of the
artificial intelligence (Al) response application 136B of FIG.
1C, according to various embodiments. As shown, the Al
response application 136B includes, without limitation,
intent matching 318, personality weighting 402, user into-
nation cues analysis 404, and an Al response application
136B.

[0070] As further described herein, intent matching 318 is
included in the NLU application 134B shown in FIGS. 1-2.
In operation, intent matching 318 generates predicted intents
and transmits the predicted intents to the Al response
application 136B.

[0071] In operation, personality weighting 402 generates
personality markers and transmits the personality markers to
the Al response application 136B. The personality markers
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affect the perceived personality of the NLU system 100
when generating responses. As shown, personality weight-
ing 402 generates and transmits personality markers to the
Al response application 136B. The personality markers 420
include, without limitation, an excitability personality
marker, a curiosity personality marker, and an interruptabil-
ity personality marker. These personality markers adjust the
backchannel responses and Al responses to cause the chat-
bot, personal digital assistant, Al avatar or other responder
associated with the NLU system 100 to be more or less
excitable, more or less curious, and more or less likely to
interrupt the speaker. In addition, in some embodiments,
these personality markers may be linked to socio-cultural
factors regarding the user, in order to better match the Al
responses to the user’s cultural norms. For example, if the
user is from a culture that typically has a higher degree of
interruption as a marker of social engagement, then the
interruptability marker would increase to match that of the
user. These marker thresholds could be sensitive to known
input about the user, and also be flexible to adjust throughout
the conversation, in order to approximate the user’s actual
behavior patterns. Additionally or alternatively, personality
weighting 402 generates any one or more other technically
feasibility personality markers. The personality markers
affect any technically feasible combination of textual
responses, verbal responses, and visual responses.

[0072] The personality markers may be in any technically
feasible format, including, without limitation, binary, dis-
crete enumerated type, and numerically weighted. A binary
personality marker has two states and indicates whether a
corresponding personality trait is present or absent. A dis-
crete enumerated type personality marker has multiple dis-
crete values that indicate various levels or types of a
corresponding personality trait. For example, a discrete
enumerated type personality marker could have one of five
possible values, corresponding to five levels or types of the
corresponding personality trait. A numerically weighted
personality marker has a numerical value that represents the
relative strength or probability of a corresponding person-
ality trait. For example, a numerical weighted personality
marker could have any value between 0.00 and 1.00.

[0073] In operation, user intonation cues analysis 404
receives the speech input 210 of FIG. 2, generates user
intonation cues based on the speech input 210, and transmits
the user intonation cues to the Al response application 136B.
The user intonation cues may affect any technically feasible
combination of textual responses, verbal responses, and
visual responses of the Al response application 136B when
generating responses. As shown, user intonation cues analy-
sis 404 generates and transmits user intonation cues to the Al
response application 136B. The intonation cues 422 include,
without limitation, a rising intonation cue, a trailing intona-
tion cue, and a declarative intonation cue. A rising intonation
cue typically indicates an interrogative user utterance. A
trailing or declarative intonation typically indicates a
declarative user utterance. Additionally or alternatively, user
intonation cues analysis 404 generates any one or more other
technically feasibility user intonation cues. In some embodi-
ments, the ASR application 132B and the NLU application
134B may be combined into a single application. In such
embodiments, user intonation cues analysis 404 may be
included in the single application. The combined application
may generate predicted intents and user intonation cues. The
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combined application may then transmit both the predicted
intents and user intonation cues to the Al response applica-
tion 136B.

[0074] As described herein, the Al response application
1368 generates backchannel response(s) 320 and Al
response(s) 322 based on predicted intents received from the
intent matching 318 section of the NLU application 134B. In
addition, in the multi-modal version of natural language
understanding, the Al response application 136B receives
data based additional types of processing to enhance the
backchannel response(s) 320 and Al response(s) 322. These
additional types of processing include personality weighting
402 and user intonation cues analysis 404. The Al response
application 136B generates and/or modifies the backchannel
response(s) 320 and Al response(s) 322 based on the per-
sonality weighting 402 and the user intonation cues analysis
404. In some embodiments, the Al response application
1368 further analyzes information from one or more video
feeds (not shown) of the speaker as the speaker is talking and
as the speaker is reacting to responses generated by the Al
response application 136B. Based on the analysis of the
video feeds, the Al response application 136B determines an
additional predicted intent. The Al response application
1368 generates and/or modifies the backchannel response(s)
320 and Al response(s) 322 based on the additional pre-
dicted intent derived from the video feeds. In this manner,
the Al response application 136B generates responses that
are appropriate to the predicted intents received from intent
matching 318, avatar personality data received from person-
ality weighting 402, intonation data received from user
intonation cues analysis 404, and video feed data of the
speaker.

[0075] FIGS. 5A-5B set forth a flow diagram of method
steps for performing incremental computer-based natural
language understanding, according to various embodiments.
Although the method steps are described in conjunction with
the systems of FIGS. 1-4, persons of ordinary skill in the art
will understand that any system configured to perform the
method steps, in any order, is within the scope of the various
embodiments.

[0076] As shown, a method 500 begins at step 502, where
an ASR application 132B executing on n dialogue system
100 acquires an audio speech segment. The ASR application
132B receives the audio speech segment via an audio input
device, such as a microphone, and converts the audio speech
segment into digital samples by an analog-to-digital con-
verter (ADC). Additionally or alternatively, the ASR appli-
cation 132B retrieves the digital samples representing the
audio speech segment from a memory. In such cases, the
audio speech segment has been previously received via an
audio input device, converted into digital samples by an
ADC, and stored in the memory.

[0077] In general, the audio speech segment is included in
a set of multiple audio speech segments spoken by a human
speaker. The set of multiple audio speech segments typically
represent a user utterance, such as a question, a declarative
statement, or other user utterance, or any subset thereof.
Each audio speech segment has a particular duration. In one
example, each audio speech segment could represent a
duration of 200 ms. Adjacent audio speech segments may be
overlapping or non-overlapping. In one example, audio
speech segments of duration 200 ms could overlap by 50 ms.
In this example, the first audio speech segment would
represent a time of 0-200 ms. The second audio speech
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segment would represent a time of 150-350 ms. The third
audio speech segment would represent a time of 300-500
ms, and so on. In another example, audio speech segments
of duration 200 ms could be non-overlapping. In this
example, the first audio speech segment would represent a
time of 0-200 ms. The second audio speech segment would
represent a time of 200-400 ms. The third audio speech
segment would represent a time of 400-600 ms, and so on.
[0078] At step 504, the ASR application 132B converts the
audio speech segment into a text segment via an automatic
speech recognition process. The resulting text segment
includes one or more characters that represent a portion of
one or more words. Additionally or alternatively, the result-
ing text segment includes one or more words that represent
a portion of a user utterance or phonological phrase.
[0079] At step 506, an NLU application 134B, in conjunc-
tion with text prediction 314, executing on the dialogue
system 100 concatenates the text segment with one or more
associated text segments to generate a concatenated text
string. If the current text segment is the first text segment of
a user utterance, then the concatenated text string represents
only the current text segment. If, on the other hand, the
current text segment is not the first text segment of a user
utterance, then the concatenated text string represents the
current text segment appended to one or more previously
acquired text segments within the same user utterance.
[0080] At step 508, the NLU application 134B, in con-
junction with text prediction 314, applies text prediction to
the concatenated text string and identifies one or more
predicted text results. In particular, the NLU application
134B applies text prediction 314 to the concatenated text
string to predict the next words received from the ASR
application 132B. In addition, the NLU application 134B
performs intent matching to generate a predicted intent
based on the concatenated text string.

[0081] At step 510, the NLU application 134B compares
confidence scores of predicted intent results against one or
more corresponding threshold values. The confidence score
threshold values include a single threshold value that applies
to any predicted intent. Additionally or alternatively, the
confidence score threshold values include a different thresh-
old value for each predicted intent. The NLU application
134B selects the appropriate threshold value for the pre-
dicted intent.

[0082] At step 512, the NLU application 134B determines
whether one or more confidence scores are greater than or
less than a corresponding threshold value. If all confidence
scores are less than a corresponding threshold value, then the
method 500 proceeds to step 514, where an Al response
application 136B executing on the dialogue system 100
generates one or more backchannel output responses. The
method then proceeds to step 502, describe above. The
backchannel output responses may include any technically
feasible combination of textual responses, verbal responses,
and visual responses.

[0083] Returning to step 512, if one or more confidence
scores are greater than a corresponding threshold value, then
the method 500 proceeds to step 516, where the Al response
application 136B applies personality weighting parameters
to modify one or more Al responses. The personality mark-
ers include, without limitation, an excitability personality
marker, a curiosity personality marker, and an interruptabil-
ity personality marker. At step 518, the Al response appli-
cation 136B applies intonation cues to modify the one or
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more Al responses. The intonation cues include, without
limitation, a rising intonation cue, a trailing intonation cue,
and a declarative intonation cue. At step 520, the Al response
application 136B analyzes one or more video feeds to
modify the one or more Al responses. More specifically,
based on the analysis of the video feeds, the Al response
application 136B determines an additional predicted intent.
The Al response application 136B generates and/or modifies
the one or more Al responses based on the additional
predicted intent derived from the video feeds.

[0084] At step 522, the Al response application 136B
generates one or more Al responses. The Al output
responses may include any technically feasible combination
of textual responses, verbal responses, and visual responses.

[0085] At step 524, the NLU application 134B determines
whether the user utterance represented by the current con-
catenated text string is complete. If the user utterance
represented by the current concatenated text string is not
complete, then the method 500 proceeds to step 502,
described above. If, on the other hand, the user utterance
represented by the current concatenated text string is com-
plete, then the method 500 terminates. Alternatively, the
method 500 clears the concatenated text string and proceeds
to step 502 to process an additional user utterance.

[0086] In sum, techniques are disclosed for performing
incremental natural language understanding (NLU). An
NLU system acquires audio speech segments of short dura-
tion, such as 200 ms. The NLU system converts each audio
speech segment into a text segment via an automatic speech
recognition process. The resulting text segment includes one
or more letters that represent a portion of one or more words.
Additionally or alternatively, the resulting text segment
includes one or more words that represent a portion of a user
utterance. The NLU system concatenates the text segment
with other previously acquired text segments belonging to
the same user utterance, thereby generating a concatenated
text string. The NLU system then identifies one or more
predicted intent results based on the concatenated text string.
If the NLU system determines that the confidence scores for
the predicted intent results are less than corresponding
threshold values, then the NLU system generates one or
more backchannel responses that are not context-specific. If,
on the other hand, the NLU system determines that one or
more confidence scores for the predicted intent results are
greater than corresponding threshold values, then the NLU
system generates one or more context-specific Al responses.

[0087] As the NLU system acquires and processes addi-
tional audio speech segments of short duration, the NLU
system generates a more complete context of the user
utterance being spoken and, correspondingly, an increas-
ingly refined model of the predicted intent of the speaker. In
response, the NLU system continues to generate backchan-
nel responses and Al responses that correspond to this
increasingly complete and refined model of the predicted
intent of the speaker. In addition, the NLU system modifies
the backchannel responses and Al responses with personal-
ity markers that define various personality traits of the
chatbot, personal digital assistant, Al avatar or other
responder associated with the NLU system. The NLU sys-
tem further modifies the backchannel responses and Al
responses based intonation cues detected from the audio
speech input, such as whether the speaker’s voice is rising
or trailing. The NLU system further modifies the backchan-
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nel responses and Al responses based on analysis of one or
more video feeds of the speaker who is generating the user
utterance.

[0088] At least one technical advantage of the disclosed
techniques relative to the prior art is that the disclosed
techniques enable a dialogue system to verbally and/or
visually respond to audio received from a user as the user is
speaking, without having to wait for the user to finish
speaking. Thus, the disclosed techniques allow the dialogue
system to interact with the user in a more natural, “human-
like” manner, thereby enhancing the overall user experience.
These technical advantages represent one or more techno-
logical advancements over prior art approaches.

[0089] 1. In some embodiments, a computer-implemented
method performs incremental natural language understand-
ing by: acquiring a first audio speech segment associated
with a user utterance; converting the first audio speech
segment into a first text segment; determining a first intent
based on a text string associated with the first text segment,
wherein the text string represents a portion of the user
utterance; and generating a first response based on the first
intent prior to when the user utterance completes.

[0090] 2. The computer-implemented method according to
clause 1, further comprising determining that a confidence
score associated with the first intent is greater than a
threshold value, wherein generating the first response com-
prises performing one or more operations based on an intent
specific response library to generate a response that is
related to the first intent.

[0091] 3. The computer-implemented method according to
clause 1 or clause 2, further comprising determining that a
confidence score associated with the first intent is less than
a threshold value, wherein generating the first response
comprises performing one or more operations based on a
non-intent specific response library to generate a response
that is unrelated to the first intent.

[0092] 4. The computer-implemented method according to
any of clauses 1-3, further comprising: acquiring a second
audio speech segment associated with the user utterance;
converting the second audio speech segment into a second
text segment; concatenating the second text segment to the
text string to generate a concatenated text string; determin-
ing a second intent based on the concatenated text string that
is different than the first intent; and generating a second
response based on the second intent prior to when the user
utterance completes.

[0093] 5. The computer-implemented method according to
any of clauses 1-4, further comprising: applying text pre-
diction to the text string to determine a second text segment
that is likely to follow the first text segment; and prior to
determining the first intent, concatenating the second text
segment to the text string.

[0094] 6. The computer-implemented method according to
any of clauses 1-5, further comprising: determining a per-
sonality attribute weighting of an artificial intelligence ava-
tar associated with the first response; and modifying the first
response based on the personality attribute weighting.
[0095] 7. The computer-implemented method according to
any of clauses 1-6, wherein the personality attribute weight-
ing includes at least one of an excitability weighting, a
curiosity weighting, and an interruptability weighting.
[0096] 8. The computer-implemented method according to
any of clauses 1-7, further comprising: determining an
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intonation cue associated with the first audio speech seg-
ment; and modifying the first response based on the into-
nation cue.

[0097] 9. The computer-implemented method according to
any of clauses 1-8, wherein the intonation cue includes at
least one of a rising intonation, a trailing intonation, and a
declarative intonation.

[0098] 10. The computer-implemented method according
to any of clauses 1-9, further comprising: analyzing a video
feed associated with the user utterance; determining a sec-
ond intent based on the video feed; and modifying the first
response based on the second intent.

[0099] 11. In some embodiments, one or more non-tran-
sitory computer-readable media store program instructions
that, when executed by one or more processors, cause the
one or more processors to perform the steps of: acquiring a
first audio speech segment associated with a user utterance;
converting the first audio speech segment into a first text
segment; concatenating the first text segment to a text string
that represents a portion of the user utterance; determining
a first intent based on the text string; and generating a first
response based on the first intent prior to when the user
utterance completes.

[0100] 12. The one or more non-transitory computer-
readable media according to clause 11, further comprising
determining that a confidence score associated with the first
intent is greater than a threshold value, wherein generating
the first response comprises performing one or more opera-
tions based on an intent specific response library to generate
a response that is related to the first intent.

[0101] 13. The one or more non-transitory computer-
readable media according to clause 11 or clause 12, further
comprising determining that a confidence score associated
with the first intent is less than a threshold value, wherein
generating the first response comprises performing one or
more operations based on a non-intent specific response
library to generate a response that is unrelated to the first
intent.

[0102] 14. The one or more non-transitory computer-
readable media according to any of clauses 11-13, further
comprising: acquiring a second audio speech segment asso-
ciated with the user utterance; converting the second audio
speech segment into a second text segment; concatenating
the second text segment to the text string to generate a
concatenated text string; determining a second intent based
on the concatenated text string that is different than the first
intent; and generating a second response based on the
second intent prior to when the user utterance completes.
[0103] 15. The one or more non-transitory computer-
readable media according to any of clauses 11-14, wherein
a first duration of time represented by the first second audio
speech segment overlaps with a second duration of time
represented by the second audio speech segment.

[0104] 16. The one or more non-transitory computer-
readable media according to any of clauses 11-15, wherein
a first duration of time represented by the first second audio
speech segment is non-overlapping with a second duration
of time represented by the second audio speech segment.
[0105] 17. The one or more non-transitory computer-
readable media according to any of clauses 11-16, further
comprising: applying text prediction to the text string to
determine a second text segment that is likely to follow the
first text segment; and prior to determining the first intent,
concatenating the second text segment to the text string.
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[0106] 18. The one or more non-transitory computer-
readable media according to any of clauses 11-17, further
comprising: determining a personality attribute weighting of
an artificial intelligence avatar associated with the first
response; and modifying the first response based on the
personality attribute weighting.

[0107] 19. The one or more non-transitory computer-
readable media according to any of clauses 11-18, further
comprising: determining an intonation cue associated with
the first audio speech segment; and modifying the first
response based on intonation cue.

[0108] 20. In some embodiments, a system comprises: a
memory that includes instructions, and a processor that is
coupled to the memory and, when executing the instructions,
is configured to: acquire an audio speech segment associated
with a user utterance; convert the audio speech segment into
a text segment; determine an intent based on a text string
associated with the text segment, wherein the text string
represents a portion of the user utterance; and generate a
response based on the intent prior to when the user utterance
completes.

[0109] Any and all combinations of any of the claim
elements recited in any of the claims and/or any elements
described in this application, in any fashion, fall within the
contemplated scope of the various embodiments and pro-
tection.

[0110] The descriptions of the various embodiments have
been presented for purposes of illustration, but are not
intended to be exhaustive or limited to the embodiments
disclosed. Many modifications and variations will be appar-
ent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments.

[0111] Aspects of the present embodiments may be
embodied as a system, method or computer program prod-
uct. Accordingly, aspects of the present disclosure may take
the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident soft-
ware, micro-code, etc.) or an embodiment combining soft-
ware and hardware aspects that may all generally be referred
to herein as a “module” or “system.” Furthermore, aspects of
the present disclosure may take the form of a computer
program product embodied in one or more computer read-
able medium(s) having computer readable program code
embodied thereon.

[0112] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or a
computer readable storage medium. A computer readable
storage medium may be, for example, but not limited to, an
electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer readable storage medium may be any
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tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, or device.

[0113] Aspects of the present disclosure are described
above with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems) and computer
program products according to embodiments of the disclo-
sure. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer program instructions.
These computer program instructions may be provided to a
processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine. The instructions, when executed via
the processor of the computer or other programmable data
processing apparatus, enable the implementation of the
functions/acts specified in the flowchart and/or block dia-
gram block or blocks. Such processors may be, without
limitation, general purpose processors, special-purpose pro-
cessors, application-specific processors, or field-program-
mable gate arrays.

[0114] The flowchart and block diagrams in the figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods and computer
program products according to various embodiments of the
present disclosure. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of code, which comprises one or more executable
instructions for implementing the specified logical function
(s). It should also be noted that, in some alternative imple-
mentations, the functions noted in the block may occur out
of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block
diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration,
can be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

[0115] While the preceding is directed to embodiments of
the present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

What is claimed is:

1. A computer-implemented method for performing incre-
mental natural language understanding, the method com-
prising:

acquiring a first audio speech segment associated with a

user utterance;

converting the first audio speech segment into a first text

segment;
determining a first intent based on a text string associated
with the first text segment, wherein the text string
represents a portion of the user utterance; and

generating a first response based on the first intent prior to
when the user utterance completes.

2. The computer-implemented method of claim 1, further
comprising determining that a confidence score associated
with the first intent is greater than a threshold value, wherein
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generating the first response comprises performing one or
more operations based on an intent specific response library
to generate a response that is related to the first intent.

3. The computer-implemented method of claim 1, further
comprising determining that a confidence score associated
with the first intent is less than a threshold value, wherein
generating the first response comprises performing one or
more operations based on a non-intent specific response
library to generate a response that is unrelated to the first
intent.

4. The computer-implemented method of claim 1, further
comprising:

acquiring a second audio speech segment associated with

the user utterance;

converting the second audio speech segment into a second

text segment;

concatenating the second text segment to the text string to

generate a concatenated text string;

determining a second intent based on the concatenated

text string that is different than the first intent; and
generating a second response based on the second intent
prior to when the user utterance completes.

5. The computer-implemented method of claim 1, further
comprising:

applying text prediction to the text string to determine a

second text segment that is likely to follow the first text
segment; and

prior to determining the first intent, concatenating the

second text segment to the text string.

6. The computer-implemented method of claim 1, further
comprising:

determining a personality attribute weighting of an arti-

ficial intelligence avatar associated with the first
response; and

modifying the first response based on the personality

attribute weighting.

7. The computer-implemented method of claim 6,
wherein the personality attribute weighting includes at least
one of an excitability weighting, a curiosity weighting, and
an interruptability weighting.

8. The computer-implemented method of claim 1, further
comprising:

determining an intonation cue associated with the first

audio speech segment; and

modifying the first response based on the intonation cue.

9. The computer-implemented method of claim 8,
wherein the intonation cue includes at least one of a rising
intonation, a trailing intonation, and a declarative intonation.

10. The computer-implemented method of claim 1, fur-
ther comprising:

analyzing a video feed associated with the user utterance;

determining a second intent based on the video feed; and

modifying the first response based on the second intent.

11. One or more non-transitory computer-readable media
storing program instructions that, when executed by one or
more processors, cause the one or more processors to
perform the steps of:

acquiring a first audio speech segment associated with a

user utterance;

converting the first audio speech segment into a first text

segment,

concatenating the first text segment to a text string that

represents a portion of the user utterance;
determining a first intent based on the text string; and
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generating a first response based on the first intent prior to

when the user utterance completes.

12. The one or more non-transitory computer-readable
media of claim 11, further comprising determining that a
confidence score associated with the first intent is greater
than a threshold value, wherein generating the first response
comprises performing one or more operations based on an
intent specific response library to generate a response that is
related to the first intent.

13. The one or more non-transitory computer-readable
media of claim 11, further comprising determining that a
confidence score associated with the first intent is less than
a threshold value, wherein generating the first response
comprises performing one or more operations based on a
non-intent specific response library to generate a response
that is unrelated to the first intent.

14. The one or more non-transitory computer-readable
media of claim 11, further comprising:

acquiring a second audio speech segment associated with

the user utterance;

converting the second audio speech segment into a second

text segment;

concatenating the second text segment to the text string to

generate a concatenated text string;

determining a second intent based on the concatenated

text string that is different than the first intent; and
generating a second response based on the second intent
prior to when the user utterance completes.

15. The one or more non-transitory computer-readable
media of claim 14, wherein a first duration of time repre-
sented by the first second audio speech segment overlaps
with a second duration of time represented by the second
audio speech segment.

16. The one or more non-transitory computer-readable
media of claim 14, wherein a first duration of time repre-
sented by the first second audio speech segment is non-
overlapping with a second duration of time represented by
the second audio speech segment.

17. The one or more non-transitory computer-readable
media of claim 11, further comprising:

applying text prediction to the text string to determine a

second text segment that is likely to follow the first text
segment; and

prior to determining the first intent, concatenating the

second text segment to the text string.

18. The one or more non-transitory computer-readable
media of claim 11, further comprising:

determining a personality attribute weighting of an arti-

ficial intelligence avatar associated with the first
response; and

modifying the first response based on the personality

attribute weighting.

19. The one or more non-transitory computer-readable
media of claim 11, further comprising:

determining an intonation cue associated with the first

audio speech segment; and

modifying the first response based on intonation cue.

20. A system, comprising:

a memory that includes instructions, and

a processor that is coupled to the memory and, when

executing the instructions, is configured to:

acquire an audio speech segment associated with a user
utterance;

convert the audio speech segment into a text segment;
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determine an intent based on a text string associated
with the text segment, wherein the text string repre-
sents a portion of the user utterance; and

generate a response based on the intent prior to when
the user utterance completes.

#* #* #* #* #*

Apr. 8,2021



